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Introduction
Drying of cocoa beans after fermenta-
tion is an essential post harvest opera-
tion to ensure that the beans are dry for
safe storage or suitable for subsequent
processing. Drying of cocoa beans is
not a simple matter of removing mois-
ture from the bean since chemical
changes occurring inside the bean
could be affected by lack of moisture
or inactivation of the enzymes by some
other means (Rohan et al., 1963). The
pH changes during drying process with
considerable reduction in activity at
5.0. Artificial drying normally results
in a relatively low, final pH and some-
times too low causing incomplete oxi-
dation (Howat et al, 1957). The major
drying parameters pertinent to a batch
drying method are the relative humidity
and temperature of the drying air, its
flow rate and the material bed depth. A
lower relative humidity provides a
better drying potential causing more
water to evaporate from the material.
Increasing the temperature of the dry-
ing air by heating causes a reduction in
its relative humidity, also results in
corresponding increase in material
temperature, which causes increase in
vapor pressure differential, thus im-
proving the drying potential (Brooker
et al., 1974; Hall et al., 1980). While it
is desirable to employ a high air tem-
perature in cocoa bean drying to ensure
rapid removal of water, it must not be
too high such that itmight lead to in-
activation of enzyme system responsi-
ble for the chemical reactions for good
chocolate flavor development (Rohan
et al., 1963). Cocoa beans are usually
damaged by heat it they are exposed to
high temperature for long period, espe-
cially at moisture contents of less than
20%. Bean of good quality have been
produced by employing drying air tem-
perature of as high as 80°C with a dry-
ing time of as short as 14 hours
(Howat, et al, 1957). However, the
temperature of the bean should not
exceed 60°C as otherwise change to
flavor and color of the nib would occur
(Rohan et al., 1963). If acidity is a
problem, lower temperature, conse-
quently longer drying time, improves
quality (Hubbard et al., 1976). Drying
operation carried out by using Barico
dryer employing the three-day cycle
method resulted in the production of
cocoa beans with an average pH of 5.2
which is better than usual (Anselmi et
al., 1976). This is attributable to the
low temperature drying (40°C - 50°C)
during the first twenty-four hours on
the skin-drying platform, which allows
the continuation of the enzymic con-
version of acetic acid to carbon dioxide
and water.
Materials and Methods
This study was conducted to determine
the best drying conditions for drying of
local cocoa beans. Experiments were
conducted for several drying air tem-
peratures and air flow rates under two
drying operations strategies: continu-
ous drying operation and two stage
drying operation; continuous drying
operations were carried out at set con-
ditions of temperature and air flow rate
until the cocoa beans were considered
dry; Whereas, the two stage drying was
comprised of initial drying stage at one
set of drying air temperature and
flowrate, and final drying stage at an-
other set of air temperature and flow
rate. The following operating parame-
ters were used for the two drying
strategies: for continuous drying strat-
egy, the drying air temperature were
60°C, 65°C, 70°C, and the air flow
rates were 0.5, 1.5, and 3 mls; for the
two stage drying, the same temperature
range were used with a combination
such that a higher temperature value
was used for the final drying stage than
the initial stage, and the airflow rates
were 1.5 and 3 mfs. Two to three layers
of cocoa beans were used for each
drying run using an experimental dryer
set-up in the laboratory. For quality
evaluation after the drying runs, dried
cocoa bean samples were subjected to
acidity test and cut test.
Results and Discussion
It was observed that the drying rates
generaJIy increased with higher drying
air temperatures and higher air flow
rates. These observations were true for
both the continuous drying strategy as
well as for the t,wo stage drying strat-
egy. For cocoa beans, achieving higher
drying rates should not be at the ex-
pense of quality. As such the optimum
drying conditions should be based on
the bean quality corresponding to the
drying rate. Table 1 and Table 2
showed the quality (ph and cut test) of
dried cocoa beans for continuous dry-
ing and the two stages drying respec-
tively. It could be seen that the quality
obtained for 60°C and 65°C drying air
temperatures at all airflow rates are
better than that obtained at higher tem-
perature of 70°C. This is because the
ph obtained is less than 5, which is
becoming more acidic at 70°C and the
% good bean based on cut test is lower
than 90%. For the two stage drying,
even though the ph is acceptable for all
tests, the % good bean is less than 90%
at higher temperature of 70°C. The
moderate temperature of 65°C used in
the final drying stage resulted in better
quality-dried cocoa beans.
Conclusions
For continuous drying strategy, con-
stant drying air temperature of 65°C
produced better quality dried beans
with reasonable drying rate. For two
stage drying, a temperature of 60°C in
the initial drying and 65°C in the final
drying stage also produced better
quality dried cocoa beans.
257
UPM Reuarett Repott1997·2000. S«tion 2-Exttmded Abstracts
Benefits from the study
Thil .tudy indicated the: optimum dry.
ing Clmditiun!l' ilir Il:mpcratun: and air
nuw nllc!!) (IJI' dryin, of CUC:OII beans
fiJI' cOIuinllo .... drying (~lIti()n
IIndior (or twu .tagc drying uper.atiun.
Literature cited In the text
AnOielmi. lA. 1976. New Barjeo dryer and
fermcnl4ry. Pnlecedin, U~,Mill.)',i.
PllUItcr "'"Ie..CCJI;U.,CUl:OCIulSemilllll'.
TawllU. SlIbah. 173·177.
Brooker. 1>.8.. BAkker·Arkema. f,W, IItId
Ifllli. C,W. 1'174, Dry"" ter"III.I,".
AV! ""bh,bin, Co. Inc,. We.'p"'-
Connct'lI:ul.
258
""II. C.W. 111110,Dryinll and .1(101111: of
_,rkuhun" CIUp". AVI Pubh,hinll. Co.
Inc. We'por", Connecticul.
tiowatl. O.R .. Puwell. B.O, and Woud.
O.A.K. 19S7, f.~pelimenl' on CUl:UD
dryin, and fermenlAtiun in We_I AfriclI.
Trup. A,ricuJlllre. Trinidud. 34(4): 2411.
2S9.
Hubbard. F.T.P. 11176. Role of coWie ClltOIl
fllCll...,.. in p"occ\\ing CUl:IN! bean •.
PrllCcedinl' 1:""1Maluy,ill PJunlen
"'''11:.. CIII:(N!·to,;onUI oeminllJ'. Tawllu.
Sabah. 161·172-
Rllhan. T.A, 1M3. Pr,,..cning of taw C(,..ua
for the """ket. f11.0Allrlcuitunli Serie ••
no.61J:21J7.
Project Publications In
Refereed Journals
None.
Project Publications In
Conference Proceedings
De VOli. L. 11)~6.AniJicilil drying of COCOII.
In: Rohun, T.A. PrllCcuinlluf rllw cocos
for the mIIrkcl. fAO Allrituhurill Serin.
Nu.60:27.
Graduate Research
None.
RC''learch funded by the Intcnsificntlon (lf R~'c:"rch
in Priorit), IIrelll aRP"I' Supported by IRPA RM.7
(I\I%·21J(JO I. Cycle 1996. Grlllli OI·02·04·()l33.
